Introduction
Achievements in public health are key contributing factors to the longer and healthier lives enjoyed by the U.S. populace. 1 Yet surprisingly little is known about the workforce that ensures essential services such as water safety, environmental safety, immunization programs, disease surveillance, and other measures that protect and improve population health. Information about these workers is critical for planning and policy decisions at local, regional, and federal levels in the face of urgent contemporary challenges, such as emerging infectious diseases, antibiotic-resistant organisms, threats of bioterrorism, and disease patterns that are shifting in response to demographic changes.
The size and composition of the public health workforce must be known in order to develop ap-These occupational categorization systems were combined into a numerically coded, tiered classification scheme to accommodate the wide variety of information received (see Figure 1 ). Decision rules were developed to guide mapping information into the scheme. Job titles were used in this process, not job content or professional background, which in most data sets was not stipulated. Decisions on title mapping were based on consistency of terminology and researcher familiarity with public health practice settings. The database developed allows public health workers in over 7,500 different titles to be summed by DHHS region, state, occupational category, occupational title, and program area.
The project received data in three forms: fulltime equivalents (FTEs), headcounts, and numbers unstipulated as either. Whenever possible, headcounts were used over FTEs due to the projected use of the data-planning for training and continuing education. Individual workers require this attention whether full or part time, and many smaller health departments depend on part-time personnel. A detailed explanation of the process used to classify the workforce data used in this study has been explained elsewhere. 6 
Results
The national public health workforce is estimated to comprise 448,254 salaried workers, including federal employees and the paid staff of a limited number of voluntary agencies. This number represents a ratio of workers to population of 158:100,000, or 1 public health worker for every 635 residents. Nearly 45 percent of these workers are in professional positions, 14 percent are in technical positions, 13 percent are in clerical/support positions, and slightly less than 4 percent are identifi ed as being in offi cial/ administrative positions; 25 percent of the public health workforce could not be assigned to a specifi c category (see Figure 2 ). The number of compensated public health workers is supplemented by at least 2,864,825 volunteers performing unspecifi ed activities in organizations such as the American Cancer Society, the American Red Cross, and others.
Within the salaried public health workforce, 34 percent are employed at the local level, 33 percent at the state level, and 19 percent at the federal level. The remaining 14 percent work in other settings, propriate plans for workforce development, recruitment, and retention. Regular enumeration of the public health workforce is necessary if workforce development activities are to be effectively planned and evaluated. Knowledge about professionals currently performing specifi c public health duties is essential to making projections on the type and number of public health professionals that will be required in the future. Effective training and education for an evolving public health workforce require a better understanding of the workers and their distribution, education, and roles.
To address this shortfall in information, the fi rst enumeration of the current public health workforce since 1979 was conducted in 1999 to 2000 with support from the Health Resources and Services Administration (HRSA), U.S. Department of Health and Human Services (DHHS). 2 
Study Design
There is no standard system for recording information on the public health workforce. This study conducted a secondary analysis of data combined from existing public health workforce reports, surveys, and studies to yield a current estimate of the size and composition of the workforce. Data were requested and received from the chief health offi cials of 50 states, 6 territories, and the District of Columbia. Information on the federal public health workforce, civilian and military, was obtained from the U.S. Offi ce of Personnel Management (OPM) and the Department of Defense. Information also was gathered from professional associations and selected national voluntary organizations with a public health mission. Although information from voluntary agencies is in no way complete or comprehensive, it represents a fi rst step toward identifying the wider range of contributors to essential public health services, regardless of employment setting.
The information retrieved was in a variety of formats, unique to each data source. While data up to ten years old were accepted, the data used were current within three years in almost all instances. The data classifi cation plan developed for the study used occupational categories and job titles from OPM; the U. such as schools of public health (see Figure 3) . In a number of states it was not possible to distinguish between state and local workers either because all public health workers are state employees, even when assigned to local jurisdictions, or because the data provided did not make this distinction.
The Workforce in Select Occupations
Due to the lack of consistent and comparable data from the states and territories, the estimated national fi gures can be assumed to include both over-and under-counting. This allows analysis of only a few professions and occupational titles. Many local jurisdictions provided only total numbers of workers, with no detail on occupations; this suggests that the number and proportion in all titles would increase with more specifi c enumeration methods (see Table 1 ).
Public health nurses form the largest identifi ed professional group (49,232 individuals or 10.9%). Among states that provided complete information on public health nurses, they range in ratio to population between 6:100,000 and 71:100,000. States that demonstrate a strong commitment to primary care and home care have a particularly large nursing workforce, suggesting that in these states many nurses may work in personal care as well as, or instead of, population-focused services.
The number of public health physicians reported (6,008 individuals) represents 1.3 percent of the workforce. Some of these physicians are part of the 2,755 physicians who are board certifi ed in public health and/or general preventive medicine by the Public health nurses form the largest identifi ed professional group (49,232 individuals or 10.9%).
American College of Preventive Medicine. 7 Public health occupational health specialists, some of whom are physicians, are found in similar proportions to public health physicians, at 1.3 percent of the workforce. However, titles counted as "administrative" (e.g., director of health or chief epidemiologist) are often fi lled by physicians, which may contribute to a lower overall count of public health physicians.
The small proportion of environmental professionals counted (19,431 persons, 4.3%) and environ- Table 1 Continued mental technicians (915 persons, 0.2%) refl ects the organizational separation of environmental health in agencies other than the public health agency. 8 Environmental personnel are almost certainly undercounted in this study. Epidemiologists, those working specifi cally in the core science of public health, number 927 persons and comprise only a fraction of 1 percent of the total workforce. Combined titles of epidemiologist, biostatistician, and infection control/disease investigator represent just over 0.5 percent of the workforce. This small proportion supports the perception within the public health community that a majority of this core public health work is performed at the local level by generalists rather than by full-time specialists.
The numbers of laboratory professionals (14,088 or 3.1%) and nutritionists (6,680 or 1.5%) represent the most complete and accurate sets of numbers in the professional category due to detailed enumera-tion efforts undertaken by their professional associations. [9] [10] [11] Two of the largest clusters of workers are found in the technical (62,358 or 13.9%) and administrative support (49,431 or 11%) categories. Although relatively small proportions of the total workforce, professional and leadership activities of public health are highly infl uenced by the availability and quality of technical and administrative support in the laboratory, records management, and elsewhere. These individuals should not be overlooked in planning for workforce development.
Discussion

Limitations of the data
The number of public health workers reported here is far from exact, given that it is constructed out of reports that cover different time periods, use different categories and defi nitions, and do not cover all components of the public health practice community. Due to these factors under-counting and over-counting are likely to have occurred, as in the case of environmental workers mentioned above, who were under-counted due to their organizational separation from the offi cial public health agency in many jurisdictions.
A major limitation of the data is the approximately 25 percent of identifi ed workers who cannot be assigned to any occupational category. This is attributed to two main causes: either data organized by programmatic area (e.g., human immunodefi ciency virus program) without specifying worker category, or data in the form of a fi gure representing the entire staff of a jurisdiction or agency. The latter applies, for example, when states could not provide local health department data, and the local workforce estimate was an undescribed total reported to the National Association of County and City Health Officials (NACCHO). 12 Differences in the public health systems within the states and jurisdictions infl uence the size, confi guration, and deployment of the public health workforce. Lack of systematic documentation of the relationship between organizational structures and the workforce is a barrier to drawing conclusions regarding comparability across jurisdictions. Therefore, any comparative discussion of this data must be accompanied by a review of the context for the agency or occupational category being considered.
A 1980 report 13 to the Congress contains the last inclusive count of public health workers: a composite estimate of 500,000 workers, compiled from a variety of sources. The 1980 estimate contained two elements: a primary full-time public health workforce of 250,000 and a secondary workforce of equal size. This "secondary" workforce is defi ned as those performing public health functions occasionally or part time, mainly in environmental and occupational health. This secondary workforce includes titles such as scientists and engineers, mental health personnel, consultants, technicians, social workers, and others, including part-time health professionals working in public health. Although not precisely equivalent, both the primary and secondary elements from the 1980 report are included in the 2000 enumeration, thereby providing some basis for comparison. While recognizing that analysis of trend is problematic, it appears that during the last two decades the public health workforce has been reduced from an estimated 500,000 workers in 1980 to an estimated 448,254 workers in 2000, a decrease of about 10 percent. During the same period the U.S. population increased by 25 percent, 14 suggesting an erosion in public health capacity within a period of new and emerging health threats.
Next steps: National policy
Detailed statistics that allow analysis of the size and composition of the general health workforce are receiving increased attention in the current climate of workforce shortages. 15 Data on the public health portion of this workforce is less well documented. The data from this project provide the beginnings of a 21st century database on the size and composition of the public health workforce. It is clear that letting over 20 years elapse between enumeration efforts as well as the absence of a clear national policy on defi nitions complicates the process. Efforts to establish a regular system of workforce data collection are currently underway within the public health community, sponsored by HRSA, Bureau of Health Professions in collaboration with the Public Health Practice Program Offi ce, Centers for Disease Control and Prevention (CDC). Policy proposals from this effort should help stabilize the defi nitions, time intervals, and level of detail for ongoing data efforts.
Understanding the size and composition of the public health workforce is a key component of the CDC's Global and National Implementation Plan for Public Health Workforce Development. 16 These efforts are further supported by passage of the FristKennedy Infrastructure law 17 in November 2000, which will provide resources to states to improve public health preparedness through systems improvement, including workforce development.
Regular enumeration of the workforce is necessary if workforce development activities are to be effectively planned and evaluated. Knowledge of the size and composition of the workforce would enhance our understanding of the scope of work needed to accomplish workforce development and retention efforts and would facilitate monitoring and evaluating public health programs. The schools of public health could more effectively plan their educational programs if they knew, for example, the average annual rate of retirement of members of key disciplines. At least as important is the contribution workforce information would make to research and analysis of important public health issues.
■ ■ ■
Public health measures have contributed remarkably to the overall health improvement of Americans in this century. Thus, timely information on the size, composition, and profi le of public health workers is important for cost-effective program development and operation to further continue improvement in overall health status.
